S
INOVENOUS THROMBOSIS (SVT) is rare in the neonate but may cause cognitive impairment, motor impairment, and epilepsy. 1, 2 Itcancausestroke,and neonates with stroke tend to have a worse prognosis than older children with stroke. 3 Few studies have been published that present information on more than 20 cases or discuss in detail the factors that predict outcome in neonates with SVT. We identified 42 children who presented with SVT during theneonatalperiodandwereseeninourhospital. This study describes clinical presentations, risk factors, outcomes, and factors that may predict outcome.
METHODS

PATIENTS
Patients younger than 18 years with cerebral venous thrombosis from 1986 through June 30, 2005, were identified by means of International Classification of Diseases, Ninth Revision codes and by review of records from the Riley Children's Hospital neurology clinic, Indianapolis, Ind.
Nineteen patients identified between 1986 and 1999 were previously described 2 ; we include additional follow-up data.
Only patients who developed neurologic symptoms of SVT during the neonatal period and were diagnosed by 6 weeks of age are described in this study. Confirmation of SVT diagnosis required clear presentation on radiographic imaging.
DATA COLLECTION
Chart reviews were performed to collect the following data: maternal risk factors during gestation; patient sex; gestational age at birth; ethnic background; age at onset of symptoms; initial presentation; age at diagnosis; length of stay in the neonatal intensive care unit; underlying disorders such as dehydration, sepsis, and heart defects; radiographic findings; and the results of testing for any prothrombotic risk factors, which included testing for protein C, protein S, antithrombin III, factor V Leiden mutation, prothrombin 20210GA gene mutation, and methylene tetrahydrofolate reductase (MTHFR) mutations C677T and A1298C. Outcomes were determined by the presence or absence of cognitive or motor sequelae (cerebral palsy) or seizures at the last inpatient or outpatient visit. Children with mild cognitive impairment were defined as functioning at or near age-appropriate level with some assistance, while children with moderate to severe cognitive impairment were defined as unable to function in a normal classroom setting and unlikely to ever live completely independently. Children with mild motor sequelae were defined as being able to ambulate (or eventually ambulate) and use their hands with only mild impairment, while children with moderate to severe involvement were defined as having significant impairment of ambulation and hand use. Seizures were identified either as being absent with no medications or as being present, and if present as being either well-controlled or intractable.
STATISTICAL ANALYSIS AND ETHICS APPROVAL
Proportions and 95% confidence intervals (CIs) were calculated for outcome data and to compare the radiographic findings of children included in outcome calculations with those of children lost to follow-up. We used the Fisher exact test to examine whether presence of infarction was associated with impairment at last follow-up. This study was approved by our institutional review board (study 0207-55).
RESULTS
MATERNAL RISK FACTORS
Gestational data were available on 38 (90%) of the 42 neonates in the study. Thirty-one (82%) of the 38 had complications or risk factors during gestation or delivery ( Table 1) .
PATIENT POPULATION AND PRESENTATION
The group included 42 patients: 24 boys and 18 girls. Six were premature. Thirty-six were white, 3 were African American, 2 were Hispanic, and 1 was classified as "other." Median age at presentation was birth (range, 0-20 days). Twenty-three (55%) of the 42 neonates presented at birth. An additional 11 presented in the first week of life. Symptoms were often nonspecific and included seizures, apnea, and weight loss. Most of the neonates with SVT presented with 1 or more of these symptoms ( Table 2 ). Comorbidities that may also have been risk factors were present in 26 (62%) and included dehydration, sepsis, meningitis, and cardiac malformations or defects. Eleven (26%) of the 42 children were dehydrated. Three patients (7%) had sepsis. Twenty-one (50%) had suspected sepsis but negative cultures. Four (10%) had meningitis. Eleven (26%) of the 42 patients had 1 or more cardiac malformation or defect, including 5 (45%) of the 11 with atrial septal defect, 4 (36%) with patent ductus arteriosus, 3 (27%) with complex congenital heart disease, 3 (27%) who had had open heart surgery, 2 (18%) with ventral septal defect, and 1 (9%) with both patent ductus arteriosus and atrial septal defect. Several children had more than 1 cardiac defect or issue. Four patients (10%) received extracorporeal membrane oxygenation.
Seizures were the most common presentation and occurred in 24 patients (57%). Children with early presentation (before 1 week of age) were just as likely to present with seizures as children with later presentation: seizures were present in 19 (56%) of 34 children with early presentation (95% CI, 38%-73%) and 5 (63%) of 8 children with later presentation (95% CI, 24%-91%). Two patients were asymptomatic and identified during screening radiographic studies performed for a skull bump (1 patient) or follow-up for oral lesions and low-grade fever during the first week of life (1 patient).
RADIOGRAPHIC FINDINGS
Twenty-one patients (50%) had involvement of a single sinus, most commonly the sagittal sinus, while 21 (50%) had involvement of multiple sinuses. The specific locations were as follows: Twenty-five (60%) had infarction on first imaging, which was hemorrhagic in 22. Eight of these had intra- ventricular hemorrhage. Children's conditions were diagnosed by means of computed tomography without contrast (1 patient), computed tomography with contrast (4 patients), computed tomographic venogram (1 patient), or magnetic resonance imaging (36 patients; 18 of these included magnetic resonance venogram).
Radiographic findings in those lost to follow-up were compared with findings in those with follow-up. Of the 12 patients lost to follow-up, 5 (42%; 95% CI, 15%-72%) had multiple sinuses involved, 7 (58%; 95% CI, 28%-84%) had infarct, and 5 (71% of infarcts; 95% CI, 29%-96%) had infarct with hemorrhage. Of the 29 patients with follow-up data available, 17 (59%; 95% CI, 39%-76%) had multiple sinuses involved, 18 (62%; 95% CI, 42%-79%) had infarct, and 17 (94% of infarcts; 95% CI, 73%-100%) had infarct with hemorrhage. There was no statistically significant difference between the 2 groups.
PROTHROMBOTIC FINDINGS
Information on prothrombotic testing was recorded for 27 (64%) of the 42 patients. Not all children received all tests. None of those tested had persistently low protein C or S levels (25 tested) or antithrombin III levels (24 tested). Three (13%) of 24 tested were heterozygous for factor V Leiden; 4 (40%) of 10 tested carried the MTHFR C677T mutation (3 heterozygous and 1 homozygous); 4 (44%) of 9 tested carried the MTHFR A1298C mutation (3 heterozygous and 1 homozygous); and none of the 16 tested carried the prothrombin 20210GA mutation.
THERAPY
Eleven neonates (26%) required correction of dehydration, which was hypernatremic in 2. A saline bolus, dopamine hydrochloride, or dobutamine hydrochloride, or a combination of these was used to provide pressor support to 5 children, 4 of whom had clinical dehydration.
Three neonates were treated for confirmed sepsis, and 4 were treated for meningitis. Twenty-one initially received antibiotics but had negative cultures; their antibiotic regimens were discontinued after 2 to 10 days.
Three of the 11 children with cardiac malformations had surgical intervention. One received a heart transplant, 1 had open heart surgery for repair of a ventral and atrial septal defect, and 1 had open heart repair of tetralogy of Fallot.
The 24 patients who presented with seizures were treated with phenobarbital, phenytoin, or fosphenytoin sodium. One of the premature children had intractable seizures, which were partially controlled with phenytoin.
Three children (7%) received therapy with heparin sodium. Two of these had clots outside the cerebral venous system in addition to SVT; 1 of the 2 had clots in an arm that led to amputation, and the other had a cardiac clot.
One patient was completely asymptomatic and did not require treatment. One neonate was treated with antiviral therapy for oral lesions but received no other therapy as she was otherwise asymptomatic.
OUTCOMES
One (2%) of the 42 patients died of complications of meningitis. He had hemorrhagic infarcts from SVT. Outcome data past the initial neonatal intensive care unit admission were available for 29 (71%) of the 41 surviving patients. Median age of survivors at last follow-up was 2 years (range, 2 months to 15 years). Twelve patients were lost to follow-up, most commonly because they lived far away from our hospital. Six (21%) of the 29 (95% CI, 8%-40%) had normal development at last visit, with no cognitive or motor sequelae and no seizures. The remaining 23 (79%; 95% CI, 60%-92%) had some sort of impairment at last follow-up.
Two (7%) of the 29 patients were known to have disabilities, as they were followed up in our state's First Steps early intervention programs, 4 but additional clinical details could not be accessed because of regulations of the Health Insurance Portability and Accountability Act. 5 Data on the other 27 patients are summarized in Table 3 .
Of the 3 patients treated with heparin, 2 were lost to follow-up. The third had normal examination results at 19 months of age.
Two patients had congenital disorders that predisposed them to significant long-term disability: trisomy 8 in one and cerebral polymicrogyria in the other. We repeated our analyses after excluding those children (n=25) and still found impairments in 19 (76%) of our cohort (95% CI, 55%-91%): cognitive in 15 (60%; 95% CI, 39%-79%), motor in 16 (64%; 95% CI, 43%-82%), and epilepsy in 10 (40%; 95% CI, 21%-61%). (Some children had Ͼ1 impairment.) Infarction was associated with the presence of disability at last follow-up (P =.03).
COMMENT
We found that neonates experience significant morbidity and long-term impairments caused by SVT. We found long-term sequelae in 23 (79%) of the 29 children with any available follow-up data, and in the 27 with detailed follow-up data we found cognitive impairment in 16 (59%), motor impairment ("cerebral palsy") in 18 (67%), and epilepsy in 11 (41%). Twelve (44%) had at least 1 moderate to severe impairment.
Few studies have focused on the presentation and outcome of SVT in neonates. The largest study, that by deVeber and colleagues, 1 described 160 children with SVT, including 69 neonates. They calculated an SVT incidence of 0.67 cases per 100 000 children per year, with neonates the most commonly affected age group. Wu and colleagues 6 described maternal risk factors, clinical presentations, and radiographic findings in 30 neonates with SVT. Most of the literature describes groups of fewer than 20 neonates. The limited literature on neonates makes patient care and counseling of families difficult.
Maternal gestational risk factors may play a role in some cases of neonatal SVT, particularly in children who present in the first week of life. In our study, 10 (26%) of the 38 women had preeclampsia or hypertension. In the study by Wu and colleagues, 6 10% of the mothers had hypertension. Preeclampsia is a hypercoagulable state 7 ; preeclampsia may contribute to thrombotic cascades in neonatal SVT. There is limited literature describing the correlation between gestational diabetes and the development of SVT. Diabetes leads to vascular injury, which may lead to thrombosis; diabetic mothers appear to be at increased risk for placental infarctions. 8 Ten (26%) of 38 mothers in our study had gestational diabetes or chronic diabetes; 2 of these also had preeclampsia. In the study by Wu and colleagues, 6 10% of the mothers had diabetes. However, in the cohort described by deVeber and colleagues, 1 gestational diabetes was reported in the mothers of only 2 (3%) of 69 neonates with SVT. Gestational diabetes increases the risk of developing maternal preeclampsia or hypertension, premature rupture of membranes, preterm delivery, and giving birth to infants of higher birth weight. 9 In Indiana in 2002, 2757 infants (3.2% of total births) were born to diabetic mothers, 1503 (1.8% of total births) to women with gestational diabetes, and 1254 (1.5% of total births) to women with preexisting diabetes. 10 The elevated rates of maternal diabetes in our cohort and in that of Wu and colleagues 6 suggest that it may be a risk factor for neonatal SVT. The maternal complication most commonly found in the series described by Wu and colleagues was chorioamnionitis; unfortunately, data on placental pathological findings and cultures were not available for most of the children in our study.
We did note a predominance of male infants in this group, with a male-female ratio of 1.3:1. A male preponderance in neonatal SVT has been noted previously, with an even higher male-female ratio. 11 The ethnic population of our group reflects the population of Indiana; no one group appeared to be at an increased risk. 12 Many of our patients (62%) had acute illnesses or clinical conditions at the time of diagnosis, including dehydration (26%), sepsis (7%), cardiac defects (26%), and meningitis (10%). deVeber and colleagues 1 also found high rates of illness; 84% of neonates in their cohort had an acute illness at the time of diagnosis. Perinatal complications and dehydration were the most common.
1 Several patients carried factor V Leiden or MTHFR mutations, but these mutations are common in populations of European background 13, 14 and the frequency in our cohort was not significantly elevated. Almost half (48%) of our cohort had multiple risk factors. Wu and colleagues 6 also described neonates presenting with 2 or more risk factors. Combinations of risk factors may have contributed to the development of SVT and may place these children at risk for recurrent thrombosis.
Twenty-four (57%) of the 42 patients included in our study presented with seizures; patients also presented with apnea or respiratory distress, poor feeding, lethargy, and hypotonia. Twenty-eight (67%) of the 42 neonates had multiple symptoms. Other authors 1, 15, 16 have also described seizures as the presenting symptom in up to 70% of patients. It was often difficult to confirm exactly when the symptoms of SVT began; many of the patients in our study had nonspecific neurologic symptoms at birth.
We observed clot most commonly in the sagittal and transverse sinuses. Twenty-eight (67%) of the 42 patients had a clot in the sagittal sinus. In Volpe's metaanalysis, 17 more than 85% of thromboses affected the superior sagittal sinus. We noted thrombosis in the transverse sinus in 23 (55%) and involvement of multiple sinuses in 21 (50%). This correlates with the findings of Sebire and colleagues 18 and deVeber and colleagues 1 in both neonates and older children, who found the sagittal and transverse sinuses to be the most commonly affected sinuses in their cohorts. More than 40% of the children in the study by Sebire and colleagues 18 had involvement of multiple sinuses.
Twenty-five (60%) of our patients had infarcts. In the series described by deVeber and colleagues, 1 41% had infarcts. Eight of our patients had intraventricular hemorrhage. Sinovenous thrombosis is a known cause of symptomatic intraventricular hemorrhage in the term neonate. 19 Treatment of neonatal SVT is highly controversial. Children with thrombophilia are at greater risk for clot recurrence. 20 The most common treatment measures for neonates with SVT are supportive 21 ; they typically receive rehydration therapy, antibiotics for suspected sepsis, and antiepileptic drugs, usually phenobarbital. A pilot study looked at the use of heparin or low-molecular-weight heparin to treat these children and found low rates of symptomatic hemorrhage, 22 but there are no randomized controlled trials. In our study, only 3 (7%) of the 42 patients were given anticoagulants. Two of those had vascular clots outside the brain and appeared to have hypercoagulable states. The third had multiple thrombosed sinuses.
There is limited literature describing outcomes and predictors of outcomes in neonates with SVT. In our study, 23 (79%) of the 29 children with any available follow-up data were left with some sort of impairment. Of the 27 patients in our study with detailed follow-up data, more than half (16 [59%] ) had some degree of cognitive impairment, more than half (18 [67%] ) had motor impairment, and 11 (41%) had seizures. Our outcomes are worse than those in previous reports, which have described learning disabilities in 5%, 2 developmental delay in 28% 17 to 58%, 2 motor impairment in 26%, 23 and seizures in 20% 1 of children with neonatal SVT. Two small studies described "abnormal outcome" in 18% 15 to 44%, 16 (REPRINTED) ARCH NEUROL / VOL 63, MAR 2006 WWW.ARCHNEUROL.COM 408 but both studies had a median follow-up of less than 1 year. In older children with SVT, the rate of subsequent disability has been reported at 38% to 62%.
1,2,18 deVeber and colleagues 1 described the presence of infarcts as a predictor of poor outcome after SVT in both neonates and older children. Golomb and colleagues 24 found that bilateral infarcts resulting from neonatal SVT raised the risk of delayed walking or not walking. We also found an association between infarction and the presence of impairment at last follow-up (P = .03).
Our study has several limitations. We may not have captured all patients with SVT. Our selection criteria probably biased our cohort toward those with worse outcomes, as we included only children with clear-cut SVT. We excluded 9 children with "possible" SVT on imaging; they had lesser degrees of thrombosis, if they actually had thrombosis, and probably had good outcomes. Our cohort was more than 80% white and reflective of the population of Indiana; these results might vary in genetically different populations. This was a retrospective chart study, and we were limited by the degree of documentation available. It is possible that the patients lost to follow-up had better or worse outcomes than those with follow-up data. However, when we compared radiographic findings of children with follow-up with those lost to follow-up, there was no statistical difference, suggesting that the groups were comparable. Analysis of outcomes was also clouded by the presence of comorbidities such as meningitis and cardiac defects, which themselves may cause long-term disability. A prospective study of children with neonatal SVT has been initiated by our group. In the future, when we have a larger cohort, we will be able to adjust for the presence of comorbidities in our analysis.
We found that neonates usually developed SVT in the setting of maternal risk factors and/or acute systemic illness, and that making the diagnosis was often difficult. Children with SVT frequently progressed to infarction, and more than half of the children with SVT were left with some degree of chronic morbidity. Further work is needed to develop standardized guidelines for the evaluation and treatment of SVT in neonates. 
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